Spherical bilayer lipid vesicles (liposomes) have been used extensively for drug delivery. 1 Drug encapsulation by liposomes allows in vivo protection from degradative enzymes and thus an enhanced circulation time and bioavailability. Liposomes immobilized on suitable implant surfaces could conceivably act as capacious depots for pharmaceutically active compounds, ensuring their controllable leakage into the surrounding tissue. Furthermore, immobilized liposomal nanocontainers could provide viable fluidic solutions, especially in niche areas where ultraminiaturization and biocompatibility are of critical importance. 2 Surfaces onto which liposomes have been adsorbed 2, 3 include those provided by mica (native and silanized), 4 ,5 glass, 6 silica, 7 gold, 8 clay, 9 liquid crystals, 10 platinum, 11 sulfonated polystyrene, 12 self-assembled monolayers of 1-octadecanethiol, 13 supported human serum albumin, 14 and supported lipid bilayers. 15 Because of liposome-surface and liposome-liposome interactions, fusion and rupture events are common during adsorption, particularly at higher coverages. Thus, when liposomes bind to a solid substrate, they tend to form a planar bilayer when the surface is hydrophilic and a planar monolayer when the surface is hydrophobic. 16 Successful attempts to preclude this problem (e.g., via tethering) 17 have been published, but still a need remains for simple systems that strongly adsorb liposomes but at the same time do not disrupt the liposome integrity. In this communication, we describe an integrated system consisting of soft nanocontainers (anionic liposomes) immobilized on "spherical polycationic brushes" (SPBs), defined as colloidal particles with grafted cationic macromolecules. SPBs have recently been used as effective building blocks for new functional materials. 18, 19 We demonstrate herein that immobilized liposomes retain their original size, shape, and encapsulating power.
SPBs ( Figure 1 ) were prepared in three steps along the lines given previously. 20 First, cationic polystyrene particles (∼100 nm in diameter) were synthesized by emulsion polymerization of styrene in the presence of a cationic surfactant, cetyltrimethylammonium bromide (CTAB, Fluka) and a cationic initiator, 2,2′-azobis(2-amidinopropane) dihydrochloride (V50, Wako Chemicals). Next, the latex particles were covered with a very thin layer of the photoinitiator 2-[p-(2-hydroxy-2-methylpropiophenone)]ethylene glycol methacrylate (HMEM; see the Supporting Information). Lastly, polycationic chains were grown on the surface of the latex particles by grafting of a cationic monomer, (2-(acryloyloxy)ethyl)trimethylammonium chloride, under UV-vis radiation. According to dynamic light scattering (DLS), grafting increased the diameter of the particles to 230 nm, indicating a 65 nm thickness of the cationic corona (L c in Figure 1 ). In a typical experiment, an SPB suspension was mixed with a suspension of unilamellar anionic liposomes (∼50 nm) prepared conventionally by sonication and composed of egg lecithin (EL) and a doubly anionic phospholipid, cardiolipin (CL 2- ), in a molar ratio of 19:1 ( Figure 1) . Injection of the EL/CL 2-liposomes into an SPB suspension caused the charge on the cationic SBPs to decrease, as registered by laser electrophoresis (Figure 2a ). When sufficient anionic liposomes were added, the electrophoretic mobility (EPM) of the liposome/SPB complex declined to zero, indicative of total charge neutralization. Further addition of liposomes created a mild negative charge on the complex. The diameter of the complex, as measured by DLS, increased sharply to 1300 nm at the charge-neutralization point, where the EPM ) 0 (Figure 2a) . Further liposome addition caused a decrease in size to ∼300 nm, which is 70 nm larger than that of the initial SPB species. In summary, both the electrophoresis and DLS data conclusively demonstrated the presence of liposome/ SPB complexation.
In order to determine the number of liposomes that ultimately bind to a single SPB particle, we performed fluorescence measurements of EL/CL 2-liposomes with 0. steeply as a result of increasing amounts of unbound lipid. These fluorescence "titrations" indicate that a maximum of ∼36 liposomes are able to bind to each SPB particle under the conditions close to the neutralization point.
The resulting SPB/EL/CL 2-liposome supra-aggregates were visualized with the aid of cryo-transmission electron microscopy (cryo-TEM), which preserves the morphology of soft objects. Figure 3c is a cryo-TEM image of two SPB/liposome complexes taken immediately after their formation, in which multiple liposomes cover each SPB particle. Clearly, the liposomes retain their normal shape upon complexation with the cationic brushes. A cryo-TEM image taken 2 h after complex formation (not shown) was identical to Figure  3c , indicating complex stability over this time period.
As mentioned above, a key question relates to the integrity of the liposomes when complexed with the brushes, i.e., whether the liposomal membrane remains intact or whether pores and other defects appear in the membrane. To address this question, we prepared a suspension of EL/CL 2- 
where the salt could be detected by conductometry. Initially, a control experiment in which a NaCl-loaded liposome suspension was treated with a Triton X-100 solution was carried out; as expected, we observed NaCl leakage and a sharp rise in conductivity. However, when NaCl-loaded liposomes were mixed with an SPB suspension, only a negligible increase in conductivity was detected. Thus, the anionic EL/CL 2-liposomes maintained their ability to encapsulate when bound to the grafted polystyrene.
For comparison, we added NaCl-loaded EL/Cl 2-liposomes to a suspension of latex particles lacking the grafted polycationic chains. Cationic polystyrene core lattices obtained in the first step of the above-described synthetic procedure were used for the experiment. With the aid of electrophoresis, the anionic liposomes were found to adsorb onto these cationic particles; however, the interaction was accompanied by NaCl leakage and a consequent rise in conductivity. The result demonstrates a principal difference in the fate of anionic liposomes bound to the two types of cationic colloidal particles: disruption of liposomes upon direct adsorption onto a rigid cationic surface but conservation of liposome integrity upon adsorption onto a surface bearing mobile cationic chains.
In summary, evidence of electrostatic adsorption of anionic liposomes onto the surface of spherical particles bearing grafted linear cationic macromolecules has been provided. The size, shape, and encapsulation ability of the liposomes remain unchanged upon adsorption onto SPBs. The supramolecular aggregates, representing an assembly of self-assemblies, have potential applications in the drug delivery field. Cryo-TEM images of (a) a 1.5 mg/mL SPB suspension, (b) a 0.1 mg/mL EL/CL 2-liposome suspension, (c) and SPB/liposome complexes prepared by mixing a 1.5 mg/mL SPB suspension and a 0.1 mg/mL liposome suspension.
